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EDITORIAL 


BENEVOLENCE 


Ir is a fortunate circumstance that Christmas, one of the great festivals of 
the Christian year, should fall in the middle of the winter so that we can heap 
on more wood and gather round the fire and dispel for a time the rain, the mists 
and gloom of the dying year. 


As families gather together, drawn by the magnet of the old home, aid 
friends meet in amity, good will and friendship reigns supreme and the kindred 
spirits of benevolence and kindness range abroad and work their will without 
let or hindrance. “ Heap on more wood—the wind is chill but let it whistle 
as it will, we'll keep our Christmas merry still.” 

It is right that we make merry and toast our feet by the fire and with 
convivial cheer wish one another well and look forward with confidence for 
better times to come. In the midst of our rejoicing and with hearts benevolent 
and kind, let us spare a thought for those to whom fate has not dealt well. Illness 
and age take their natural toll; in other cases economic misfortune can bring 
professional colleagues to a state of want and despair. For them the blazing 
fire, the merry party, good food and wine are present only as a memory of times 
long ago. 

The veterinary profession in this country is small in numbers but not in 
the spirit of kindness and always the members have shown that they are mindful 


(The November issue of The British Veterinary Journal was published on November 12) 


518 THE BRITISH VETERINARY JOURNAL 


of the needs of their unfortunate colleagues who need a helping hand. The 
fact that this small profession supports two well-managed benevolent funds is 
proof of this compassion. There are some who say that, in a welfare state with 
its pensions and public assistance, the time and need for personal, private, and 
voluntary charity has passed and no one need be in want or distress. This is 
not true for whilst one is thankful that assistance is given from public funds, 
the purchasing value of pensions and monetary assistance has been so reduced 
by rising costs that many of the recipients have difficulty in obtaining the bare 
necessities of life. Simple little luxuries to which they have been accustomed 
have to be denied. We can still do much to free our unfortunate colleagues 
from worry and anxiety and even privation. At the present time the profession 
is prosperous and it may be difficult for those who have entered its ranks during 
the last decade and a half to appreciate that a man who has been in practice 
for 30 or 40 years could possibly be in need of financial assistance. It must be 
remembered that any veterinary surgeon who is over sixty has spent most of his 
professional life in much less golden times, that many of the lucrative practices 
of the present day which employ several assistants were “a one-man show ” only 
a few years ago with a gross turnover of a few hundred pounds per year. The 
practitioner had to observe the strictest financial economy to remain solvent and 
there was no margin for making provision for sickness or old age. 


So as Christmas comes round once again, spare a thought for those in need. 
Make sure, personally, or through the agency of one of the benevolent societies, 
that as your children “ hang their stockings by the chimney with care in hopes 
that St. Nicholas will soon be there ” all our colleagues in wart and despair will 
not hope and wait in vain. 
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BOVINE PLEUROPNEUMONIA VACCINE $19 


GENERAL ARTICLES 


DURATION OF IMMUNITY IN CATTLE 
VACCINATED WITH EGG-ADAPTED CONTAGIOUS 
BOVINE PLEWROPNEUMONIA VACCINE 


By N. St. G. HYSLOP 
Veterinary Research Laboratory, Kabete, Kenya 


THE egg-adapted strain (T.1) of Asterococcus mycoides (Mycoplasma 
mycoides, Borrel, 1910) described by Sheriff and Piercy (1952) now constitutes 
the standard contagious bovine pleuropneumonia vaccine for East Africa. The 
higher egg-passages possessed such good antibody-stimulating properties and low 
virulence that production of the old culture-vaccine ceased at the end of 1952. 
The duration of protection afforded by the standard vaccine was unknown 
though a herd of 67 cattle had been vaccinated in November, 1952, for 
the investigation of this problem. The following observations record the gradual 
decline, during a period of three and a half years, of the herd’s resistance to 
experimental subcutaneous infection. 


Materials and Methods 

Cattle: The herd consisted of a representative group of native zebu and 
‘“ grade”? (European x zebu) steers and cows. Ages ranged from two to four 
years and all the 67 animals were in good condition on 4.11.52 when they 
were number-branded and vaccinated. 

Vaccine: Each animal received 1.0 ml. of a 1/20 dilution of Batch PP/78 
which had been made on September 19, 1952, and was stored in a deep-freeze 
cabinet at c. -25° C. until used. This batch (PP/78) was of average potency only. 
The inoculations were given subcutaneously behind the left shoulder. Five 
animals developed very small local reactions at the site of vaccination and one 
had an abscess. 

“ Controls”: To assess the efficacy of the exposure at each stage of the 
investigation, unvaccinated animals were included with the group whose resistance 
was to be challenged. 

Challenge Technique: ‘lwo vaccinated and two unvaccinated animals were 
“ challenged” one month after vaccination by the subcutaneous inoculation of 
1.0 ml. of virulent “lymph” obtained from the lesion of an animal which had 
succumbed from an experimental infection. Thereafter, at intervals, groups of 
seven to 12 cattle, selected from the herd at random and with controls, were 
exposed to subcutaneous infection. 

Interpretation of Results: Because the challenge material was very virulent, 
and only a comparison between vaccinated groups was required, animals 
developing lesions greater than 5” x 5” in extent were arbitrarily considered 
to have reacted severely and were recorded as positive. 
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Direct comparison between the vaccinated groups would have been possible 
only if an equal proportion of “controls” had reacted severely at each stage. 
To allow for variation in the effectiveness of the challenge at each stage, the 
results for each vaccinated group were compensated for the efficacy of the 
challenge as demonstrated by the corresponding unvaccinated group. The 


formula of relative resistance, R = a provided a simple and adequate 

adjustment where a represented vaccinated non-reactors, b unvaccinated non- 

reactors, y the total number of cattle vaccinated, and z the total unvaccinated. 


Results 


During the three and a half years of the investigation the herd moved from 
place to place under African supervision only. Intercurrent disease and hyzenas 
reduced considerably the numbers available for challenge. 


TABLE 1. 
n a ls _challe at in nls. 
VACCINAT#D UNVACCINATED 
INTSRVAL ANIMAL LOCAL R&ACTION AT RESULT ANIMAL LOCAL R®ACTION AT RESULT 
(Months) No. DAYS POST CHALLFENG® DAYS POST CHALLYNG™ 
2. 28 35 ls 21 28 35 
3795 lxl 4x3 - 3542 4x6 16x16 Died + 
2767 2x2 - 3655 6x6 16x16 18x18 Died + 
3183 3x3 xl - 1116s 0 0 - 
3216 5x5) xl - 1590 6x7 16x18 Died + 
3247 6x6 2x2 lxl + 1648 15x15 Died + 
3536 5x5 - 
3562 3x3 Pyogenic Abscess. - 
3578 ie) 0 - 
22 2956 0 0 ie) - 3022 6x6 18x18 Died + 
3023 Axl 0 - 3168 ixl 0 0 0 - 
3107 0 3230 12x10 14414 Died + 
3232 3239 © 12x12 12x12 10x6 + 
3315 is) 0 - 3242 O 10xlO Died + 
3348 2x2 6x6 6xh Ixl 0 + 3253 (0) 6x6 12x16 10x16 8x16 + 
350l 2x2 4x5 3x3 fe) fe) - 
3530: 0 lxl 
3x3 6x6 6x6 6x6 + 
3596 lxl 10) 0 - 
43 2564 242 lxl 0 - 5014 0 ane - 
2988 8x8 12x12 12xl0 10x10 6x95 0 18x18 Died + 
3029 8&8 6x6 2x2 lal + 5OhE 6x6 18x18 181s Died + 
3032 4x2 8x6 0x10 10x® 5x5 + 5095 0 3x3 2x2 - 
3106 2x2 333 Ix) - 5106 0 dxl 0 0 0 - 
327 8x8 5x5 3x2 0 + 5118 hx6 12xl2 lxl + 
3461 0 fel 0 - 
3487 10x10 6x6 323 22 22 
3532 © 0 - 
3591 l2xlz @x8 + 


Individual results are shown in Table I. At one month after vaccination, 
neither of the vaccinated animals reacted severely, whilst both “ controls ” died. 
In the group challenged at the 14th month, one of seven vaccinated and three 
of four unvaccinated cattle reacted severely (two unvaccinated died). At the 
22nd month after vaccination, the proportions were two out of ten and five out 
of six respectively (three unvaccinated died). By the 43rd month, the number of 
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“severe reactors” in the vaccinated group had increased to six out of twelve, 
whilst four of the seven unvaccinated cattle reacted similarly (two unvaccinated 
died). 

The resistance of vaccinated groups from Table I, corrected for control 
reaction at each stage of the investigation, is shown in Table II and Fig. 1. 


Table 2 


Decline of resistance in vaccinated cattle 


STAGE POST VACCINATION PROPORTIONAL RESISTANCE 
PERIOD (MONTHS) R = (za -b 


y(z - 
1 1 1.0 
2 14 0.89 
3 22 0.76 
4 43 0.125 
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Discussion 

It will be appreciated that true pulmonary contagious bovine pleuro- 
pneumonia may be produced experimentally only with considerable difficulty, 
and, naturally, the clinical disease necessitates the provision of extensive isolation 
facilities. The disease seldom, if ever, follows subcutaneous infection. The latter 
causes severe characteristic local swellings in susceptible animals, and death due 
to toxemia occurs frequently; in the present investigation nearly 50 per cent of 
unvaccinated cattle died (9:19). Our studies have indicated that subcutaneous 
inoculation may be a much more severe challenge than respiratory exposure. 

It is not known whether resistance to infection increases as age advances. 
Unfortunately, when the experiment was planned in 1952, unvaccinated controls 
were not included; thus at the end of the investigation a considerable age 
difference existed between the vaccinated and unvaccinated groups. If resistance 
does increase with age, the “controls ” in this experiment indicate the difference 
between cattle resistant as a result of the combined effects of vaccination plus age 
and unvaccinated young cattle. Since the cattle were two to four years old when 
vaccinated, the maximum resistance due to age alone, which was acquired in 
five and a half to seven and a half years, could not have exceeded the small 
observed difference in susceptibility between the last group to be challenged and 
its unvaccinated “ control” group. It is the combined resistance due to all factors 
which is of importance in the field. 

Although the resistance to subcutancous infection fell to a low level after 
43 months, no deaths occured among 12 vaccinated animals-—but two of seven 
unvaccinated animals died. 

Fig. 1 shows that, three and a half years after vaccination with a batch of 
egg-adapted contagious hovine pleuropneumonia vaccine of medium potency, 
some resistance to local reaction after subcutaneous challenge was still detectable 
in the vaccinated herd. ie 

Statistically, the line of best fit was actually linear (Y = 1.10 -- 0.02 X) 
and the regression was significant at the 5 per cent level of probability (F = 
26.24 for 1 and 2 degrees of freedom). 


Summary 

1. Sixty-seven cattle were vaccinated against contagious bovine pleuro- 
pneumonia with a batch of egg-shaped vaccine of medium potency. 

2. An increasing proportion of severe local reactions to subcutaneous 
challenge, among groups challenged at intervals, showed a decline in resistance 
during three and a half years. 

3. None of the vaccinated cattle died, even at the end of the period; nine 
of 19 unvaccinated animals died. 
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A NEW PENICILLIN FOR ORAL ADMINISTRATION 
AND ITS USE IN SMALL ANIMAL PATIENTS 


By G. N. HENDERSON, B.Sc., M.R.C.V.S., 
and 
W. M. TAYLOR, M.R.C.V.S. 


Introduction 

So far the use of antibiotics by oral administration has only found limited 
application in veterinary medicine. In the herbivores therapeutic dosage of 
antibiotics by mouth may have serious effects on the ruminal flora affecting 
digestion and alimentary function. As far as penicillin is concerned, injection 
therapy has been preferred for many reasons, not least of which has been that 
owing to its poor absorption from the intestinal tract, relatively large doses of 
the antibiotic have to be given and this renders the treatment too expensive. This 
is especially true in large animal practice. Apart from this drawback, there 
is, of course, the important point of ensuring adequate antibacterial cover, which 
cannot always be guaranteed when the owner is required to give tablets or 
capsules by mouth. 

It is probably for these reasons that veterinary literature contains very little 
reference to the use of oral penicillin. Russo, et al. (1950) demonstrated that 
blood levels of penicillin were maintained for four hours following oral adminis- 
tration of 100,000 units of crystalline penicillin in an aqueous solution to dogs. 
Davidson, et al. (1951) made use of penicillin sulphonamide combinations which 
had been buffered with calcium carbonate in an attempt to overcome the 
destructive effect of the hydrochloric acid of the gastric juice. The dose was 
again 100,000 units and blood levels were demonstrated for four hours. This 
work was not taken further and parenteral therapy continued to be the preferred 
method of administration in veterinary practice. 

That oral therapy is a practical proposition, however, is demonstrated by 
the still widespread use of sulphonamide tablets for the treatment of animal 
diseases and it may be assumed, therefore, that an oral penicillin preparation 
which can be administered in economically supportable doses at regular but not 
too frequent intervals should have a useful place in veterinary therapy. Our 
investigations indicate that the recent introduction of phenoxymethyl penicillin 
(penicillin V) may satisfy these requirements. 


Phenoxymethyl] penicillin is a new form of penicillin prepared by a special 
method of biosynthesis. It is not, therefore, a derivative of penicillin G but 
virtually a new antibiotic containing in its molecular structure the active principle 
of penicillin. 

Behrens and his co-workers (1948) reported their development of penicillin 
V which was at that time considered for its value as a parenteral form and it 
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was left to Brandl and Margreiter (1953) to demonstrate the important praperty 
of its stability in acid medium. These workers showed that penicillin V, unlike 
other penicillin, was stable at a pH range below five. This acid stability indicated 
the likelihood that it would not be destroyed by the action of the gastric juice 
and was, therefore, of possible value for oral therapy. The need for stability 
in acid medium had been realised before this and the introduction of buffering 


H 


(PENICILLIN G) (PENICILLIN V) 


agents to previous oral penicillin was an attempt to meet this need. The acid 
stability of penicillin V, however, is an inherent property and is not a result of 
the addition of buffering agents. 


Penicillin V is relatively insoluble in water and only slightly soluble in dilute 
hydrochloric acid (at pH 1.8 about 25 mg. per 100 ml.). On the basis of the 
empirical molecular formula the potency of penicillin V has been calculated at 
1,695 units per mg. as compared with 1,665 units per mg. for penicillin G. 
This finding has been confirmed by iodometric assay. Another feature of peni- 
cillin V is its stability. No decrease in its iodometric or biological activity is 
observed after storage for 12 months at 37° C. in the dry state or half a year 
at 48°C. Even at 80° C. there was only a decrease of the one milligram activity 
from 1,690 to 1,550 after one week. Its acid stability has been demonstrated 
by its activity in solution at pH 1 at 37° C. where only a slight decrease in 
potency was observed after one hour as compared with 50 per cent loss of potency 
with its potassium salt and complete destruction of penicillin G. 


Antibacterial Activity. 

The antibacterial spectrum of penicillin V appears to be very much the same 
as that of penicillin G, although there is some variation between them against 
certain organisms, particularly staphylococci. This is of particular importance 
since Brandl (1953) showed that penicillin V exerted far more inhibition than 
penicillin G against the standard test organism (Staphylococcus aureus—Oxford 
strain). In 735 tests the activity of penicillin V was 50 per cent greater than 
that of penicillin G. Kylin (1955) conducted studies with 581 different strains 
of bacteria on both gram-positive and gram-negative cocci, and showed the 
activity of the two penicillins to be very similar. Jones and Finland (1955) 
showed that in vivo penicillin V showed longer and more intense activity than 
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penicillin G against streptococci, indicating that it would be preferred as a 
therapeutical agent in hemolytic streptococcal infections. 


It is because of the variation in the activity of penicillin V by comparison 
with penicillin G against the test organisms used in biological assay that assess- 
ment of strength is described in milligrams of penicillin V rather than units. This 
is especially valuable since an adequate chemical assay technique has been 
developed for penicillin and by this method 60 mg. of penicillin V is equivalent 
to 100,000 units of penicillin G. 


Pharmacology. 

The early pharmacological studies on penicillin V were conducted in white 
mice and rats. The LDso of intravenous potassium penicillin V in white mice 
was found to be 3,500,000 units per kg. Rats survived a dose of 200,000 units 
per kg. bodyweight daily for three weeks. A 20 per cent to 30 per cent loss 
of bodyweight was seen when the intramuscular route was used, and 6 out of ten 
animals in this test died. These findings approximate to those normally antici- 
pated with penicillin G. Repeated use of penicillin V in man has been shown 
to produce changes in the oral mucous (dryness, low grade inflammation, darkly- 
coloured coating and hyperkeratosis of the tongue). Pruritus and slight urticaria 
with allergic dermatoses in some cases has also been demonstrated (Spitzy, 1953; 
Hausmann, Zischinsky, 1953). According to Spitzy (1953) 30 per cent of 
penicillin V is excreted in the urine and 60 per cent is destroyed in the body 
(liver). Wright, et al. (1955), also showed that 30 per cent of the penicillin V 
administered by mouth is excreted in the urine, whereas only 15 per cent of 
penicillin G similarly administered is thus eliminated. These observations were 
confirmed by Heatley (1956). This implies that penicillin V would be a satis- 
factory antibiotic for the treatment of urinary infections; for example, 
leptospirosis in the dog. 


Blood Levels. 

The pharmacological studies above imply that effective blood levels should 
be obtainable following oral administration of penicillin V, partly because of its 
stability in the gastric juice and also because it appeared to show a higher rate of 
absorption through the duodenal mucosa; this was evinced by the fact that 
penicillin V was capable of producing higher blood levels than equivalent amounts 
of penicillin Gin solutions sufficiently well buffered to overcome the effects of 
the gastric juice. 


Many blood-level studies have been carried out in man confirming the 
promise of this new penicillin and it has also been shown that penicillin V is 
widely diffused throughout the body (Martin, 1955). It has been found in 
detectable amounts in pleural and ascitic fluid and in the tissue of the thyroid: 
gland. Much higher concentrations of penicillin V than penicillin G are found 
in the saliva. The antibiotic is concentrated in the liver and is excreted in the 
bile in an active form. Like penicillin G, however, it does not appear to pass 
the blood-brain barrier in therapeutic amounts, and in studies following oral 
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administration to patients with normal meninges no penicillin V was detected 
in the cerebro-spinal fluid. Papers presented by several authors at the 3rd Annual 
Symposium on Antibiotics, Washington (1955), generally showed that penicillin 
V gave double the blood level compared with comparable doses of penicillin G 
by mouth. Another interesting factor is that a higher peak blood level is 
obtainable when penicillin V is administered before meals rather than after meals. 


PENICILLIN ELCOD LEVELS UNITS/ML. 


TIME IN HOURS AFTER DOSE 


The solid line indicates the effect when “ Distaquaine ” V tablets 

are taken before meals: the dotted line, when they are taken 

after meals: the three curves in each case represent the effect 
of 1, 2 and 4 tablets respectively. 


Blood levels obtainable in animals were studied by Jaksch, et al. (1954). 
These workers administered penicillin V to horses, pigs, dogs and fowls, con- 
ducting 122 experiments in all. All the animals were clinically healthy and in 
the dogs particular attention was paid to the efficiency of the kidney in order to 
eliminate any disturbances of penicillin excretion due to the presence of nephritic 
disease. Horses received tablets crushed and suspended in half a litre of water 
by stomach tube. Pigs were given the tablets in the form of an electuary or by 
direct administration with forceps. Some pigs were treated by stomach tube and 
gag. The dogs and fowls were given the tablets whole and all the animals were 
fasted until the completion of the experiment. 

As a result of this work it was decided that in the horse it was not possible 
to establish efficient levels with economically supportable doses and the following 
minimum doses in other animals were recommended :— 

Dogs : 8 mg. per kg. bodyweight thrice daily, which is a dose of one tablet 
of 60 mg. every 8 hours for a dog weighing 22 Ib. 

Pigs: 8 mg. per kg. bodyweight thrice daily as in the dog or 16 mg. twice 
daily per kg. bodyweight which is approximately 12 tablets of 60 mg. twice daily 
for a pig weighing 100 Ib. 

Poultry: 16 mg. per kg. bodyweight twice daily, that is, half a tablet of 
60 mg. twice a day for a fowl weighing 44 Jb. 
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Clinical Trials and Results 

The publication of the Austrian paper on penicillin V prompted us to carry 
out clinical studies in small animal patients. A large number of cases were-treated 
but as it was found impossible to carry out any blood-level studies the emphasis 
in our trial was placed upon clinical response. As far as possible the cases selected 
for treatment were chosen from those where penicillin by injection would 
normally have been employed, the intention being to show whether the oral, 
preparation was a complete and adequate substitute for parenteral penicillin 
therapy. In accordance with this aim, certain cases were given penicillin by 
injection initially and treatment was continued with penicillin V by mouth. 

As the therapy was wholly similar to routine pencillin administration it is 
not felt necessary to discuss case histories in great detail. A representative 
selection, however, are given. 


(1) Tonsilitis. 

Subject : Miniature poodle bitch (spayed); 2 years 9 months; weight 20 lb. 
The animal was presented as being unwilling to eat and showed typical gulping 
and licking of the lips. An examination of the tonsils showed gross bilateral 
enlargement and inflammation. Temperature, 103° F. Treatment was insti- 
tuted with procaine penicillin by intramuscular injection, 300,000 units daily 
for two days. As the owner was unable to attend for the third injection, 
penicillin V was substituted; one tablet of 60 mg. was administered every eight 
hours for two days. The animal began eating on the third day and the inflam- 
mation and enlargement of the tonsils subsided. When seen on the fifth day the 
dog appeared to be normal. 

A second case of tonsilitis in a collie bitch of 3 months, weighing 16 Ib, 
showed similar remission after three days’ treatment with penicillin V tablets, 
only one tablet of 60 mg. being administered every eight hours. 


(2) Malar Abscess. 

Subject : Male Pekinese; 7 years; weighing 15 lb. The dog was presented 
with a characteristic swelling on the left side of the face below the eye. The teeth 
were in poor condition but as it was not considered to be desirable to proceed with 
a general anesthetic at this stage it was decided to administer penicillin V by 
mouth as alternative conservative treatment. One 60 mg. tablet was admin- 
istered three times a day for three days and the swelling subsided. Ultimately, 
when the animal was in good health the teeth were scaled and some were extracted 
under general anesthesia. 


(3) Vaginatis. 

Two bull terrier bitches, one aged 23 years and the other one year, weighing 
approximately 40 lb. each, were presented with symptoms suggestive of vaginitis. 
These were small pustules around the vulva and the mucous membrane of the 
vagina was inflamed. Treatment with oral penicillin V was prescribed at the 
rate of 2 x 60 mg. tablets every eight hours for five days. The inflammation 
subsided and the pustules disappeared. Recovery was complete in each bitch. 
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(4) Cystotomy and Urethretomy. 

Subject: Male dachschund, aged 8 years, weighing 25 lb. The dog was 
presented with a urethral obstruction. There was evidence of calculi in the 
bladder on palpation and X-ray. It was decided to perform a cystotomy and 
urethrotomy. Procaine penicillin by injection was administered the day before 
the operation. After the operation penicillin V tablets were administered at 
the rate of one 60 mg. tablet every eight hours for four days. The urethral 
wound had been left open to facilitate clearing of minute calculi from the bladder. 
The wound remained open for two weeks and at this stage the animal showed 
a temperature elevation and unwillingness to eat. A further course of penicillin 
tablets were deemed advisable and this was given at the same dosage rate fo 
three days. By the end of this period the temperature had returned to normal 
and the urethral wound healed satisfactorily. 


(5) Cystitis and Hematuna. 

Subject: Male neuter cat; 5 years; weighing 11 lb. The animal was 
presented with a history of frequent micturition and a tendency to remain 
squatting after emptying the bladder. The cat had micturated in the bath during 
the night and the owner had noticed that there was blood in the urine. The 
temperature was 103° F. The bladder was empty when palpated and a diagnosis 
of cystitis was made. Penicillin V by mouth was given at the rate of one-half 
of a 60 mg. tablet every eight hours. After three days the temperature became 
normal and the cat showed normal micturition. 

In addition to the above cases reported in detail, the following cases were 
also treated :— 


Dogs. 

Abscess of the anal gland (four cases): All responded completely after three 
to six days’ treatment. 

Distemper—secondary enteritis (15 cases): In all cases the secondary 
infection cleared but in 10 the virus disease progressed to the nervous stage. 

Gastro-enteritis (12 cases): Nine responded after three days’ treatment, two 
showed partial response and one case showed no response and terminated fatally. 

Infected wounds: (a) Surgical wounds. Two cases where surgical wounds 
became infected responded in five days with good final healing. (b) Septic 
wounds following bites. Five cases responded in four days. 

Malar abscess (two cases): Removal of carnasial tooth plus penicillin V 
therapy responded and healed well in four days. 

Metritis : Two cases following whelping were treated successfully with oral 
therapy. 

Nephritis (acute): Eight cases, six of which responded in three days and two 
showed partial improvement. 

Nephritis (chronic): 10 cases. Eight of these benefited temporarily, two 
had progressed to a late uremic stage and did not respond and a permanent 
improvement was not seen in any case. 
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Staphyloma (one case): This patient was treated with twice the normal 
dose of Distaquaine V in order to ensure an adequate level of penicillin in the 
eye tissue. Healing proceeded slowly and after seven days only a small spot-like 
scar remained. 

Tonsillitis: Five cases, four of which responded in four days. One case 
associated with distemper showed some improvement but the virus infection, 
proceeded unchecked. 

Post-operative prophylaxis following various surgical procedures: Three 
cases of cesarean section, two cystotomy, seven pyometra and six aural resections 
(two bilateral and four unilateral) were given penicillin V prophylactically. 
Recovery was uneventful in all cases and there was no wound sepsis. 


Cats. 

Cystitis (seven cases): Five showed hematuria and responded to penicillin V 
by mouth; two cases were given streptomycin by injection after failing to respond 
to penicillin V on the third day. 

Feline influenza: Twelve cases were treated; nine showed complete resolu- 
tion, three were left with some chronic sinusitis and rhinitis, but none developed 
secondary pneumonia. 

Infected wound abscesses: Twelve cases received penicillin V following 
surgical drainage. Recovery was uneventful in all cases. 


Gastro-enteritis : Four cases responded to oral penicillin therapy. 


Prophylaxis : Two czsarean sections, one pyometra and three dental cases 
received penicillin V prophylactically. They all made an uneventful recovery. 


Conclusions 

From these results it would appear that penicillin V by mouth is a satisfactory 
alternative to injections of penicillin in small animal practice. Response in 
the cases discussed above appeared to be similar in every respect to those normally 
anticipated following penicillin by injection. 

From the pharmacological data available it would seem that this new form 
of penicillin overcomes the disadvantages of previous oral products by virtue of 
its stability in the gastric juice and its good absorption through the duodenal 
mucosa. It is interesting to note that 30 per cent of the penicillin V administered 
by mouth is excreted in the urine while in the case of penicillin G only 15 per 
cent is eliminated in this way. The satisfactory clinical response noted in the 
treatment of urinary conditions would seem to support these findings. Our 
results also indicate that initial injections of penicillin may be continued by oral 
therapy with penicillin V when this is found more convenient, the two methods 
of treatment being entirely compatible. 

Penicillin V should be given on an empty stomach when possible and to 
maintain an adequate blood level it should be administered every eight hours. 

In small animal practice the administration of oral tablets can be a routine 
procedure. When administering antibiotics it is essential to ensure adequate 
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therapeutic blood levels over a period long enough to eliminate too per cent of 
the susceptible pathogenic bacteria, Failure to observe this standard may lead 
to the development of a sub-therapeutic blood level. This would encourage the 
development of resistance in the organisms normally considered sensitive to the 
antibiotics. It is necessary to ensure that when the tablets are given by the owner, 
they will be given at the right times and over the required period. When the 
owner is considered unreliable and especially if the animal appears to resist oral 
medication, it may be preferable to maintain therapy by injection. 


Summary 

A new form of penicillin, phenoxymethy] penicillin (penicillin V) is discussed. 
This new penicillin, which is produced by synthetic adaptation of the normal 
biological process of manufacture, is a pure acid and is, therefore, entirely stable 
in the gastric juice. This, combined with an apparent intrinsic property, results 
in highly satisfactory absorption from the duodenal mucous membrane and the 
establishment of blood levels comparable with those normally anticipated from 
conventional parenteral penicillin therapy. 


Clinical results over a wide variety of conditions in dogs and cats are given 
and it appears that the product is entirely satisfactory as an alternative to the 
administration of penicillin by injection. Treatment of 122 clinical cases are 
recorded (84 dogs, 38 cats). These were selected from cases which would normally 
have received penicillin by injection. Results were comparable with those 
to be expected following the parental method of therapy. 
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TWO CASES OF SPONTANEOUS DIABETES MELLITUS 
IN THE DOG* 


By PHILLIDA CARNE, CELIA M. HOE, J. S. WILKINSON 
and D. G. HARVEY 


Royal Veterinary College 


Introduction 

SPONTANEOUS diabetes mellitus is not a common disease in small domestic 
animals and the literature dealing with its occurrence and symptoms is scanty. 

Schlotthauer and Miller (1951) state that in cats the disease is more common 
in the male, and in dogs in the female. Ricketts, et al. (1953), in a study of eight 
diabetic dogs, suggest that the incidence of the disease is about 1 in 1,000. This 
estimate is in general agreement with those of other workers, e.g., Bloom (1937). 
The symptoms of diabetes mellitus in dogs and cats are similar to those encountered 
in man. They include muscular wastage, hyperglycemia, glycosuria, ketonuria, 
polydipsia and polyuria. The therapeutic use of insulin appears to be beneficial 
in reducing the glycosuria and ketonuria, and in improving the general clinical 
condition. Several investigators have drawn attention to the difficulty 
of controlling the blood sugar level. This has been encountered in the two cases 
reported in this communication. No attempts have been made to apply full 
clinical tests in the two cases described, but rather to re-investigate the broad 
effects of a simple treatment that is employed during the normal course of 
veterinary practice. 


Case Histories 

Subject 1. A mongrel bitch aged about 83 years, weighing 1g lb. and totally 
blind from bilateral cataract, was admitted for examination and treatment with 
a history of gradual loss of weight, lassitude and polydipsia. On admission the 
animal was in an emaciated condition. Signs of polydipsia, polyuria, 
frequent emesis and diarrhoea were exhibited. A marked muscle tremor was 
present in the limbs. Glycosuria (7.5 g. / 100 ml.), ketonuria (-+-++--+-+---), and 
hyperglycemia (360 mg. / 100 ml.) were pronounced. There was also a slight 
proteinuria. 


Subject 2. A Wire-Haired Fox Terrier bitch aged 8} years and weighing 
18.5 lb. was received for treatment. This animal had been admitted for 
pyometrectomy about two months previously. In spite of some subsequent 
peritonitis the operation was successful, and at that time there was no evidence 
of diabetes. On admission for treatment the second time the chief symptoms 
were polydipsia and polyuria. The animal was slightly lethargic and showed 
incipient bilateral cataract. The general clinical condition was better than that 
of subject 1. Glycosuria (2 g. / 100 ml.), ketonuria (++-++) and slight proteinuria 
were present. The starving level of the blood sugar was 180 mg. / 100 ml. 


* This is a preliminary communication of a wider investigation now in progress. 
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Treatment 
Subject 1 (Fig. 1). The animal was put on a low carbohydrate, low fat, 
high protein diet (minced raw meat 0.5 lb./diem., with two Energen rolls and 
water ad lib.). This resulted in a definite reduction of the blood sugar level, of 
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Blood sugar, urinary ketones and glucose of Case 1. Insulin dosage shown in top histogram. 
Up to the 36th day the animal received single daily doses of zinc protamin insulin. Thereafter 
the dosing was varied according to the following scheme :— 


Period Insulin Zinc Insulin 
C (a.m.) 6 
(p.m.) 6 6 
D (a.m. only) 6 
E (a.m.) 6 
(p.m.) 4 4 
I (a.m.) 4 
@.m.) 4 + 


The broken lines in the blood sugar represent gaps between individual values that are greater 
than one day. 

the diarrhoea, and of the polydipsia. After a few days insulin therapy was 

commenced (5 units Zinc Protamin Insulin per diem). This elicited an immediate 

response. The blood sugar was reduced but the reduction was not maintained. 

The dose was increased and supplemented with soluble insulin towards 

the end of the treatment. The daily administration of insulin caused general 
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Blood sugar, urinary ketones and glucose and Sp. gr. of urine of Case 2. Insulin dosage in top 


histogram. Zinc protamin insulin administered throughout. 
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clinical improvement and the mutual elimination of the glycosuria and ketonuria. 
The blood sugar level showed considerable variation and the hyperglycemia 
proved to be very difficult to control. On the 46th day of treatment the bitch 
manifested hypoglycemia about 30 minutes after insulin dosage. The symptoms 
were a slight inco-ordination and marked circling; complete recovery occurred 
following the intravenous and subcutaneous administration of dextrose saline 
solution. The mild proteinuria persisted throughout. Fifty-one days after the 
dog was first examined it was destroyed. 


Subject 2 (Fig. 2). The animal was put on a high protein diet with water 
ad lib. After a week insulin treatment was started (5 units Zinc Protamin Insulin 
per diem). The response was not evident immediately, and although an increase 
of the dose caused a reduction of the ketonuria and a slight drop in the glycosuria, 
these changes were less marked than in Subject 1. The blood sugar remained 
at a moderately high level (about 200 mg. / 100 ml.) until the dose was increased 
to 15 units. On discharge after 24 days, treatment with 20 units per diem was 
continued by the owner. The animal was brought in at weekly intervals for 
urine testing and clinical examination. On re-assessment of the clinical condition 
after six weeks from the commencement of the treatment, it was found necessary 
to increase the food intake to 8.5 oz./diem and the insulin to 28 units/diem. 


As in Subject 1, insulin treatment caused a very definite improvement in the 
clinical condition. There was a slight weight gain and the animal became bright 
and lively. 


Although the ketonuria was practically eliminated, it is interesting to note 
that glycosuria was never reduced to the levels obtained in Subject 1. 


Methods 
Glucose concentrations in blood and urine were estimated by the methods 
of Hagedorn and Jensen, and Benedict (Quantitative) respectively; ketones by 
Rothera’s test and proteins by sulphosalicylic acid. Blood samples were obtained 
before insulin administration and in fasting condition. It was not possible to 
obtain 24-hour specimens of urine, and the analyses represent values obtained 
from early-morning samples. 


Post-mortem examination of Subject 1. 

The animal was destroyed 51 days after admission. Thyroid, cerebrum, 
pituitary, intestine and uterus appeared normal. There was a small nodule of 
hyperplasia on the otherwise normal adrenals. The liver showed marked fatty 
degeneration. The kidneys showed cloudy swelling, slight congestion, some 
scattered areas of cellular infiltration and cellular desquamation. The pancreas 
was slightly smaller than normal and there may have been some atrophy of the 
islet tissue. There was no pancreatitis. 


Discussion 
This is a report of two cases of diabetes mellitus relatively uncomplicated 
by intestinal disturbances. The lack of intestinal symptoms in Subject 2 and the 
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histological report on Subject 1 suggest that the exocrine function of the pancreas 
may be unimpaired. Neither of these cases falls within the four types of 
pancreatitis defined by Thordal-Christensen and Coffin (1956). 


The clinical symptoms may be alleviated by insulin therapy, in conjunction 
with a high protein, low carbohydrate diet. Although by this treatment ketonuria 
and glycosuria are almost eliminated, the blood sugar level continues to fluctuate. 
The recurrence of peaks of hyperglycemia, and the prevalence of the disease in 
old dogs, suggest a parallel with diabetes in humans, in which those who develop 
the disease in later life are relatively insulin-insensitive (Himsworth, 1951). 


It is possible to maintain such dogs in good health, with insulin treatment 
being continued by the owner. The amount of insulin to be given may be 
determined by periodical urine analysis, and usually it is safe to give a dose 
which allows 0.1 to 0.25 per cent pf sugar in the urine. Higher doses may lead 
to hypoglycemia. On limited experience it would appear that the blood sugar 
level alone is an unreliable guide to the dose of insulin required to improve the 
clinical condition. 
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THE EFFECT ON FERTILITY OF CHANGES IN THE 
COMPOSITION OF THE NORMAL EGG-YOLK CITRATE 
SEMEN DILUENT 


By D. R. MELROSE and D. L. STEWART 
Ministry of Agriculture, Fisheries and Food, Reading Cattle-Breeding Centre 


THE introduction of egg yolk as a constituent of bovine semen diluents by 
Lardy and Phillips (1940) marked a great advance for artificial insemination, 
since this enabled semen to be diluted, cooled and stored at 5° C. for longer than 
was possible hitherto. The expansion of artificial insemination has necessitated 
the adoption of higher semen-dilution rates with a consequent need for greater 
care in the preparation of the diluents and for stricter attention to all artificial 
insemination techniques. Since a satisfactory conception rate cannot, at present, 
be expected from semen stored longer than three days after collection, unless it 
is deep frozen (i.e., at —79° C.), there is still a need for a diluent which will 
enable artificial-insemination centres to maintain a normal fertility level with 
semen stored at 5° C. for longer periods than is at present possible. There is 
evidence that the egg yolk in the present diluents exerts a definite physical action 
by protecting the spermatozoa from the effect of dilution and temperature shock; 
further, the semen diluent must be able to maintain the metabolic processes 
essential for the survival of the spermatozoa. The metabolism of semen has been 
reviewed by Mann (1949), who pointed out that the two chief processes involved 
were respiration and glycolysis. The important chemical and physical factors in 
a semen diluent have been listed by Smith, Mayer and Herman (1954) as energy 
sources, electrolyte concentration, pH and buffering power of the diluent, the 
protective effect of diluents containing egg yolk and milk, and the osmotic 
pressure of the system. Comparatively little attention has been paid to the latter; 
work on this was summarised by Anderson (1945) and later reported on by 
Salisbury (1948) and Aschaffenburg (1950). Recent work by Aschaffenburg 
(1953) and Rothschild and Barnes (1954) has shown that the osmotic pressure 
of bovine semen is generally lower than that of the diluents now widely used in 
artificial insemination. Kampschmidt, Mayer, Herman and Dickerson (1951) 
observed a beneficial effect on sperm survival in vitro when the electrolyte 
concentration of the diluent was reduced and glucose added to maintain the 
proper tonicity in the diluent. Since these observations had been made in vitro, 
it was considered important to investigate in vivo the effect on fertility of the 
following changes in the diluent :— 

(a) The use of an isotonic sodium citrate in the egg-yolk buffer. 

(b) The addition of fructose to the usual egg-yolk citrate buffer. 

(c) The use of Kampschmidt’s bicarbonate-glucose buffer. 


Materials and Methods 
The semen used in these observations was collected every third day by the 
short pattern artificial vagina. The index of semen quality was motility, which 
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was assessed by microscopic examination at 37° C. immediately after collection. 
If considered suitable, the semen was diluted on a split sample basis in equal 
volumes of the control and trial diluents at a dilution rate of 1 in 50. Throughout 
these field trials, the control diluent consisted of one volume of a 3.6 per cent 
sodium citrate (NasCsHsO;2H:2O) Analar solution in distilled water and one 
volume of egg yolk. The control diluent, and the trial diluents described below, 
contained throughout 500 units of streptomycin calcium chloride per ml. of 
diluent. 

Immediately after dilution, the semen was cooled to 5° C.: equal volumes 
of semen diluted in the control and trial diluents were available for use in the 
field on the day of collection and the two subsequent days. The conception rates, 
which were obtained separately for the three days that the semen was used in the 
field, were assessed as the percentage of cows and heifers which had not been 
reported to have required a repeat service within a period of 16 weeks from the 
date of first insemination. It was thus possible to observe the effect of storage 
over a period of three days on the fertility of the semen in the different diluents. 


(a) The Use of a 2.9 per cent Sodium Citrate Solution in the Egg-Yolk Citrate 
Diluent. 

The fertility results obtained with a 2.9 per cent sodium citrate/egg-yolk 
diluent were compared with those observed with the control 3.6 per cent sodium 
citrate/egg-yolk diluent. The data on osmotic pressure of bull semen reported 
by Aschaffenburg (1950) and later by Rothschild, e¢ al. (1954), showed that this 
trial diluent was isotonic with bull semen. The 16-week non-return conception 
rates for this trial are given in Table I. 

These results showed that there were no significant differences in the 
conception rates obtained with each diluent on the first and third days, but the 
second-day conception rate was significantly higher (P = 0.05—0.02) with the 


TABLE I 
3.6% Sod. Cit- 2.9% Sod. Cit- 
rate/Egg Yolk rate/Egg Yolk 
16 week non st 3 16 week non 
ist Day 1, 32h 67.7 1,287 65-9 
2nd Day 6302 1,254 66.8 
3rd Day 1,233 59.2 1,252 59.6 
Total 3,831 63.5 3,792 64.2 


2.9 per cent citrate than with the 3.6 per cent citrate. Examination of the drop 
in conception rate over the three days of use revealed that in the case of the 
3.6 per cent citrate diluent there was a significant difference between the first 
and second days (P = 0.02—0.01) and also between the second- and third-day 
conception rates (P = 0.05—0.02); with the 2.9 per cent citrate diluent there 
was no significant difference between the first- and second-day conception rates, 
but there was a significant lowering of the conception rate (P <o.001) from the 
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second to third day. Therefore, from this fertility trial, it appears that the 
2.9 per cent citrate had improved the second-day conception rate, but the 
significant fall from second to third day in the 2.9 per cent citrate and from 
the first to third day with the 3.6 per cent citrate resulted in no significant 
difference in the over-all conception rates obtained with the two diluents. 


(b) The Addition of Fructose to the Sodium Citrate/Egg-Yolk Diluent. 
Since the presence of a reducing sugar in seminal plasma had been known 
for many years, glucose was included in the early semen diluents used by the 


TABLE II 
3.6% Sod. Cit- 3.6% Sod. Citrate/Egg 
rate/Egg Yolk Yolk/Fructose 
Agt Insem: 16 week non let_Insem: ~ 16 week non 
Dey_of Use return return 
lst Day 702 69.7 665 68.3 
2nd Day 736 65-1 767 66.0 
3rd Day 698 60.2 637 60.6 
Total 2,136 65.0 2,00) 65.% 


Russian workers. Mann (1946) established that this reducing sugar was fructose. 
In view of the fluctuations that occur in the fructose content of seminal plasma, 
it was decided to add fructose to the diluent to ensure that the fructose content 
of the diluted semen would not fall below a minimum level. The trial diluent 
was 3.6 per cent sodium citrate/egg yolk plus 0.05 g. fructose (Difco) per 100 ml. 
of diluent, the control diluent contained no added fructose but was otherwise 
similar. This amount of fructose was added since it was assumed that the 
fructose already present in the semen at time of collection would, together with 
the above addition, ensure an initial concentration of at least 0.005 M fructose 
in the semen diluted in the trial diluent. During storage at 5° C, the rate of 
fructose utilisation would be slow and higher concentrations of this reducing 
sugar were therefore considered unnecessary. The results, given in Table II, 
show that no improvement in conception rate was obtained by the addition of 
fructose to the diluent. A similar dropping off in conception rate was recorded 
over the three days of use of the semen for both control and trial diluents. 


(c) The Use of a Bicarbonate Glucose Egg-Yolk Diluent. 

This diluent consisted of one part of egg yolk and five parts of a sodium 
bicarbonate glucose mixture; the latter was composed of one volume of a 1.3 per 
cent sodium bicarbonate solution and four volumes of a 5 per cent glucose 
solution; the bicarbonate solution was freshly gassed with a 5 per cent CO, 
mixture prior to preparation of the buffer. The results of semen storage tests 
with the above diluent were in accordance with those reported by Kampschmidt, 
et al. (1951), and a fertility trial to compare this diluent with the usual sodium 
citrate egg-yolk diluent was then carried out. Since bicarbonate buffers are 
relatively unstable, measurements of the pH of the control and trial diluents 
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containing semen were made within three hours of dilution of the semen and 
again on the third day of storage. 


The results of this fertility trial are given in Table III. There was a 
significant difference (P = 0.01) in the over-all conception rate and the fall in 
conception rate from first to third day of use was much greater in the trial than 


TABLE III 

3.6% Sod. Cit- Glucose/Bicarbonate/ 

rate/Egg Yolk Egg Yolk 

‘1st _Insem: 16 week non lst Insem: 16 week non 
Day of Use return return 

lst Day 1,160 70.4 1,327 72.0 
2nd Day 1,187 66.2 1,142 63.0 
3rd Day £309 1,140 56.8 
Totai 3,488 65.9 3,409 63.9 


in the control diluent, although in both groups these differences were significant 
(P <o.o01). The pH records showed that no change in pH had occurred over 
this three-day storage period and no explanation for the above results could be 
found. A lowered conception rate was therefore obtained when the glucose 
bicarbonate egg-yolk diluent was compared with the egg-yolk citrate diluent. 


General Discussion 

Since no adverse effect was shown on the over-all fertility by reducing the 
sodium citrate concentration from 3.6 per cent to 2.9 per cent, the first trial 
confirmed that bovine spermatozoa are unaffected by minor changes of the 
osmotic pressure of the semen diluent. However, the increased conception rate 
on the second day of use with the 2.9 per cent sodium citrate solution could be 
of practical importance in routine artificial insemination when semen is used on 
the day after collection, but since this difference in conception rate was not 
highly significant, further investigation of this would be advisable. The addition 
of fructose, which is metabolised readily by spermatozoa, to the diluent did not 
show any improvement in the conception rate in these field trials. Jn vitro trials 
reported by Salisbury (1945) showed that, when the essential carbohydrate supply 
had been partially used, the addition of glucose improved the survival of the 
spermatozoa. Similarly, Kampschmidt, et al. (1951), and Smith, et al. (1954), 
reported improved sperm survival in the isotonic bicarbonate glucose egg-yolk 
buffer; in the present trial, a lowered fertility was demonstrated when semen 
diluted in this buffer was compared with that diluted in the usual egg-yolk citrate 
diluent. The fact that, with this trial diluent, there was an abnormally large drop 
in conception rate from the first to third day of use may be of some significance. 
Kampschmidt, Mayer and Herman (1953) reported that the lipo-protein com- 
plexes which occur in egg yolk are important for sperm survival, but these 
lipo-proteins have a better protective action in the presence of citrate or phosphate 
solutions than in a non-electrolyte solution such as glucose. This may account 
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for the low conception rate obtained with the bicarbonate-glucose egg-yolk buffer 
on the third day of use. Tosic and Walton (1950) have also reported that, under 
certain circumstances, factors toxic to spermatozoa are formed in the egg-yolk 
media and this may also explain the decline of fertility of semen stored in egg-yolk 
diluents over a period of several days. 


1. The use of 2.9 per cent sodium citrate (NasCsH;O;2H:O) solution which 
is isotonic with bovine semen, did not result in an improved over-all conception 
rate when compared with the usual 3.6 per cent sodium citrate egg-yolk buffer; 
the semen being used for a period of three days after collection. An improved 
conception rate (P = 0.05—-0.02) was obtained with the isotonic diluent on the 
second day of use. 


2. The addition of 0.05 g. fructose per 100 ml. of diluent did not improve 
the conception rate of semen stored for use in routine A.I. for periods up to 
three days after collection. 


3. Semen, diluted in glucose-bicarbonate egg-yolk buffer, showed in vitro 
better survival of the spermatozoa, but gave a significantly lower conception rate, 
when compared with semen diluted in the usual egg-yolk citrate buffer and used 
over a period of three days after collection. 
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SEVEN YEARS’ CONTROL OF SHEEP POX 
IN IRAN WITH AN ADSORBED TISSUE VACCINE ON 
ALUMINIUM GEL 


By A. RAFYI and H. MIR CHAMSY 
"State Razi Institute, Hessarek-Karadj, Iran. 


In previous notes (Delpy and Rafyi, 1947; Delpy and Mir Chamsy, 1947; 
Delpy, Rafyi and Mir Chamsy, 1951a@) we have described, in collaboration with 
L. P. Delpy, the evolution of sheep pox disease control in Iran, together with 
different kinds of vaccines produced at the State Razi Institute and used largely 
by the veterinary department in this country. We decided finally on a tissue 
vaccine adsorbed on aluminium hydroxide: some 20 million sheep have been 
vaccinated during the last seven years without any ill-effects, immunity being 
established within two weeks and persisting for 9 to 12 months. 

This article deals with some technical details concerning the production of 
this vaccine, and its tests in sheep. Without entering into the history of this 
subject, a brief account of sheep pox control is included. 


Clavelisation 

While variolisation was a common practice in Europe and some countries 
of Asia, in the 18th century, clavelisation was the method for protection against 
sheep pox used largely in Europe (Rafyi, 1935). This method, used at first by 
shepherds and modified later by some experimentalists, has the object of pro- 
ducing a limited and local reaction which is considered necessary for the 
production of immunity. The results of this method were not always satisfactory ; 
in fact, generalisation often occurred and deaths took place in some sensitive 
breeds following the treatment. Ewes in an advanced stage of pregnancy 
aborted. In addition, the local reaction with the formation of pustules after 
clavelisation constituted a grave danger of spreading the infection. 


Effects of Antisera 

The discovery of the curative and preventive effect of antisera by Duclert 
(1896) and a method of obtaining large quantities of the virus by Borrell (1903) 
resulted in improvement in the method of protective inoculation. Borrel 
introduced serum inoculation into enzootic areas. Later, Chefik, Kolayli 
and Nicolaki Mavrides (1933) used, with encouraging results, a mixture of serum 
and sheep pox virus. In Turkey, in 1952, Bacharan, et al., published some details 
of the method of production of dried sensitised virus. 


Meanwhile, others attempted to attenuate the virus by physical, chemical 
or biological means; Duclert and Conte (1899) tried heat and desiccation, 
Ducloux and Cordier (1926) used formaldehyde, ethanol and butanol without 
result; Ramazotti (1933) worked with saponin, and Nello-Mori (1933) made use 
of ethylic ether. These methods were not satisfactory and the virus, treated 
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by any of these means, proved to be of such low antigenic value that it failed 
to produce a clear local reaction or a substantial immunity. 

Bridré and Boquet (1912, 1913a, 1913b, 1914 and 1933) introduced the 
sensitised virus, a process which surmounted some of the difficulties of clavelisation. 
At first, this process appeared to be satisfactory but later on, many disadvantages 
were revealed. The attenuated virus was obtained by successive passages on 
sheep and contamination of the virus by different micro-organisms, mainly 
agalactia, occurred (Bridré and Donatien, 1925; Bridré and Boquet, 1933). 
After a succession of passages, the virulence of the virus became so reduced that, 
when sensitised by serum, it no longer induced any immunity. These workers 
also found that sensitised virus could cause abortion when used on pregnant sheep. 
It is recognised that all strains of sheep pox virus do not respond to sensitisa- 
tion. Virus may be passaged under the skin of sheep and according to Bridré, 
the transformation can be speeded up by using a very active virus on sheep 
already immunised against some other pox virus (neurolapine). These and 
other considerations complicated the use of sensitised virus. 

Since 1932, Iranian sheep flocks have been systematically vaccinated against 
sheep pox; the strains utilised in the production of sheep pox vaccine have the 
following properties : 

(a) The diffusion potency must be sufficient to produce some large Borrel 
pustules in the hypodermis of Merinoes-Iranian cross-bred sheep (Delpy and 
Rafyi, 1933). 

(b) The virulence of the virus must be such that the inoculation of the 
suitably diluted virus into the skin of the Iranian sheep gives a strong immunity 
and that the most severe experimental inoculation does not lead to generalisation. 

In common with other workers (Delpy and Rafyi, 1947; Sabban, 1955), we 
have demonstrated that there is no immunological difference between the virus 
of various origins. The difference in strains is due to variation in diffusibility 
and virulence. In Iran, there are two distinct breeds of sheep. One is the 
Syrian breed with a big tail which constitutes the majority of our sheep flocks. 
The other, called Mazanderany, is found in the area of the Caspian Sea and is 
characterised by a tail resembling that of European sheep. From the point of 
view of sheep pox virus inoculation, the distinction h-tween these two breeds is 
important. The Mazanderany is very sensitive; the incculation of virulent sheep 
pox virus into, or under the skin produces a severe local reaction and fever and 
often a generalised infection identical with the natural disease occurs. The 
Syrian sheep, on the contrary, show a different susceptibility : although highly 
sensitive to natural infection, which sometimes causes a mortality of 40 per cent 
in a flock, the response to intra-cutaneous inoculation of the virus induces a local 
reaction and a short hyperthermia only. 

A combined vaccine against anthrax and sheep pox has been used on Syrian 
sheep (Delpy and Mir Chamsy, 1947; Delpy, Rafyi and Mir Chamsy, 19512). 
‘The Roumanian strain of sheep pox virus received from Algeria, which produced 
exceptionally strong Borrel pustules in the native breeds, is used as the sheep 
pox antigen. The anthrax antigen is a merthiolated suspension of anthrax 
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spores (Delpy and Mir Chamsy, 1947). The virus adsorbed on the spores is 
lyophilised. This mixed and dried vaccine gives an immunity against both 
diseases, certainly for a period of more than one year. From the immunological 
standpoint it is interesting to note the triple réle of the anthrax spores; specific 
antigenic réle, rdle of support for the sheep pox virus and the adjuvant 
role which produces the initial inflammatory reaction and permits fixation and 
multiplication of virus. Notwithstanding the indisputable advantage of the 
mixed vaccine, it causes, sometimes in Mazanderany sheep, large pustules with 
various complications, and it may also happen that the disease becomes 
generalised. 

On considering the publication of Balozet (1938) who adsorbed the sheep 
pox virus (S *.V.) on aluminium hydroxide, and of Nelis and Lafontaine (1948) 
who showea <hat the vaccine virus can be attenuated by the action of 0.01 per 
cent formaldehyde at 20° C. for 2 to 6 days without destroying its immunising 
properties, an attempt was made to find if this method would have a similar 
effect on the S.P.V. already adsorbed on aluminium hydroxide. In this con- 
nection, Manninger (1948) uses the “ disinfection action of formaldehyde on the 
virus adsorbed by aluminium hydroxide” but no details are given of the 
technique of production and particularly of the quantity of virus contained in 
an immunising dose, and the rate of formolisation. 

Since 1948 the vaccine adsorbed on aluminium gel and inactivated by 0.01 
per cent formaldehyde has been distributed in Iran. Later, it was found that 
the addition of formaldehyde is not necessary and the adsorbate of S.P.V. on 
aluminium gel with 0.01 per cent thiomerthiolate, added as a preservative, is 
a potent antigen for sheep pox control. 


Materials and Methods 

Production of Virus. At the present time S.P.V. is produced by the routine, 
procedure of Borrel. The Merino-Iranian cross-bred sheep are injected with 
the Roumanian strain of S.P.V. On harvesting, an abundant amount of lymph 
is present. After killing the sheep, while the fever is still high, this lymph, as 
well as the cedematous and infiltrated muscles are harvested aseptically and 
placed in a sterile jar which is covered with some layers of gauze and cotton-wool. 
It has been shown that the S.P.V. may be cultivated in vitro on living cells. 
Bridré (1935), for example, obtained a culture on the living cells of sheep testes 
suspended in sheep serum and Drew solution. In some work not yet published, 
we have found that it is possible to cultivate the virus on the whole tissue of 
sheep or guinea pigs by adding some salts, vitamins, growth factors, fresh sheep 
serum and antibiotics. In the first passage, the multiplication of virus is normal 
and it is antigenically strong, but it fails to produce local reactions as the number 
of subcultures is increased; the seed must, therefore, be taken regularly from the 
original material. 

The lymph and gelatinous tissues of the Borrel pustules are collected, 
passed through an electric grinder and mixed with three times their weight of 
saline. One ml. is taken for titration of the virus. The whole ground-up 

naterial is then stored at —20° C. 
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Titration of Virus. 

Twenty-four hours before titration, the skin of both sides of four cross-bred 
Merino-Iranian sheep is shaved and cleansed. One ml. of the above material 
is dissolved in 250 ml. of saline to make a dilution of 1/1,000. From this dilution 
the following dilutions are made: 1/10,000, 1/20,000, 1/50,000, 1/100,000, 
1/200,000, 1/500,000 and 1/1,000,000. From each dilution one ml. is 

table 1 iiiustrates tne result from a routine test. 


TABLE T - Titration of vaccine batch 4/2 


Dilution of Virus 


| 207° | wr? jo.2 | 108 
34/208 | +++ +H ++ + + + + 
34/109 +++ ++ + + + 
++ +e ++ + + + + 


+ = one reaction dose 
injected intradermally at each of four spots on a transversal line in each sheep; 
thus, on each side there are twelve injections comprising three dilutions. The 
reactions are recorded from the 5th day to the 11th day. The reaction dose 
(R.D.) is the dilution which gives a specific reaction of 15 mm. size in 50 per 
cent of the total injections. 


Relation between the Reaction Dose and the Immunising Dose of Adsorbed Virus. 

When a dilution of virus injected intradermally into the sheep results in 
a specific local reaction and a rise in temperature, the animal is shown to have 
a solid immunity against sheep pox; thus the R.D. and the immunising dose 
(I.D.) are the same. But when the virus is adsorbed on aluminium gel, this 
relationship does not apply because the elution of adsorbed virus by different 
procedures is impossible. The inoculation of such a virus, on the other hand, 


TABLE 2 - Relation between the Reaction and Immunising Doses_ 
of sheep pox virus adsorbed on aluminium gel. 

Sheep Vaccina) dose: Result of challenge with 25,000 
Number of R.D. adsorbed R.D., 3 weeks after vaccination. 
on alumintum hydroxide 

Local reaction Rise of Temperature 

Tei, 142 0.5 + ¥ 

143, 144 1 + + 

145, 146 5 + 

147, 148 20 + + 

151, 152 25 * + 

153, 14 50 + 

155, 1565 290 

157, 158 200 - - 

155, 160 309 - 

149, 2.50 ecntrols 30 RD. + + 


is followed by the slow release of the antigen and this prevents the occurrence 
of specific local reaction. It is, therefore, necessary to determine, experi- 
mentally, the relation between the R.D. and I.D. By repeated experiments it 
has been found that the I.D. must contain 100 R.D. in order to produce a 
satisfactory immunity, lasting for one year. This relationship is shown in 
Table II. 
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Final Production of Vaccine. 

When the R.D. is determined the vaccine should be made rapidly. The 
aluminium gel is placed under sterile conditions into a container having an 
electric stirrer. The virus is then added slowly, the mixture being continually 
stirred. The amount of virus to be added is calculated so that one ml. of the 
final product contains 200 R.D. (the vaccinal dose for sheep being 0.5 ml. of 
this product). Thiomerthiolate is then added to an amount of 0.01 per cent. 
The compound gel-virus is then distributed in small vials, sealed and stored in 
the cold room until used. The aluminium gel is prepared in our chemical 
department, following the Willastater technique, as follows : 


Aluminium Gel Production. 
For the preparation of go litres of aluminium hydroxide the following 
reagents are necessary : 
Ammonium sulphate cryst. SO.(NH,)2 aki 2,200 gr. 
Aluminium ammonium sulphate Al2(SO.)3(NH:)2SO., 24H:O 7,670 gr. 
Ammonium hydroxide NH.OH to per cent ... veh .-» 10,000 ml. 


The method of preparation is as follows : 


Dissolve the ammonium sulphate in 60,000 ml. of tap water and heat to 
63° C. Dissolve also the aluminium ammonium sulphate in 25,000 ml. of water 
and heat to 58° C. 


Put the first solution into a stainless container having an electric stirrer; 
add 10,000 ml. of 10 per cent ammonium hydroxide, stirring constantly and then 
slowly add the aluminium ammonium sulphate solution. 


Stir for a few minutes and wait several hours until the gel is precipitated. 
Siphon off the supernatant fluid and replace it by distilled water; repeat the 
washing of the gel several times by the same method until the excess of ammonium 
hydroxide is removed. Bring the volume of the gel up to 90,000 ml. with 
distilled water, distribute it in jars and sterilise by autoclaving. The adsorption 
value of the gel is controlled by the use of Congo red as follows : 


To 70 ml. of a solution containing 7 mg. of 7 per cent Congo red add 4 ml. 
of gel, mix well and allow the mixture to precipitate. 


The adsorbing value of the gel is satisfactory when all the colour is adsorbed 
on the aluminium gel after 30 minutes. 


Duration of Immunity. 

The immunity established in 12 to 15 days by a single dose of this vaccine 
containing 0.01 per cent formaldehyde remains effective at least for one year; 
and even after 12 months, exposed sheep resist natural infection, although 
immunity to experimental challenge fades after that period. In the case of 
compound gel-virus vaccine without formaldehyde our field and laboratory 
records are limited to the results obtained during the last nine months. By using 
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this vaccine as a prophylactic or in actual outbreaks of sheep pox, our veterinary 
colleagues in most parts of Iran are very satisfied with results. Table ITI gives 
data concerning a batch of the vaccine. 


- Te or ation of i i ch 
Sheep Vaccinal doses Results of challenge with 25000 R.D. afters 
3 months 6 months 9 months 
174, 181, 185 
175 and 176 100 R.D. - 
182 control 10 R.D. + 
180 and 183 100 R.D. “ 
169 control 10 R.D 
184, 187, 191 
1192 and 193 100 
195 control 10 R.D. + 
- = imnmmre + = reacted. 


Field Application. 

During the last seven years more than 20 million doses of adsorbed 
aluminium gel sheep pox virus with 0.01 per cent formaldehyde were used in 
Iran. During the last year, four million doses of the vaccine without formal- 
dehyde have been distributed in the country. The results are so good that the 
State veterinarians of different areas of Iran refuse to accept the old living virus 
vaccine which sometimes causes unhappy results. 


Summary 

Sheep pox has been a serious disease in Iranian flocks, especially among 
lambs. Since 1930 the disease has been controlled first by the use of living vaccine 
and later by an aluminium gel adsorbate or virulent sheep pox virus. 

A short history of the use of killed vaccines and a neutralised mixture of 
virus and serum is described. The disadvantage of living virus vaccines, 
especially the permanent danger of transmission of the disease from vaccinated 
animals to unvaccinated susceptible subjects, is discussed. Serious reactions 
following the use of virulent living vaccines in highly susceptible flocks, abortion 
in pregnant ewes and the short period of valency pointed out by the manufacturers 
when the living vaccine is to be kept in the field are main objections to using 
living virus, dry or in liquid state. 

The adsorbate virus is, on the other hand, a safe and effective vaccine which 
has been used widely in Iran during the past seven years without any ill after- 
effects. More than 24 million doses of the vaccine have been used as a prophy- 
lactic or in actual outbreaks of the disease. 

The method of production and titration of vaccine is described. 
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TERRAMYCIN IN CONTAGIOUS CATARRH (CORYZA) 
IN POULTRY 
By R.-H. AXWORTHY, T.D., N.D.P. 


Veterinary Practitioner 


In July, 1956, an outbreak of acute respiratory disease was investigated in 
a flock of Maran yearling hens in Surrey. The affected birds were housed 
semi-intensively and had access to a good grass run. The following signs were 
exhibited : nasal discharge, soiling of the nares and soft, ulcerative patches on 
the pharyngeal mucosa which could be removed easily and without hemorrhage. 
Pulmonary rales were noted in a number of the birds and there was a 
characteristic bad odour of the breath in all cases. 

Several birds had died from asphyxia due to obstruction of the glottis with 
pus. Turkeys housed nearby remained unaffected. It was reported that 
recently the premises had been visited daily by large numbers of rooks and that 
this outbreak occurred shortly after the rooks made their first appearance. One 
of the rooks was examined by the author and found to have mouth lesions similar 
to those in the poultry. 

Diagnosis of contagious catarrh (coryza) was made, without recourse to 
cultural examination or to animal inoculations. Sodium sulphathiazole 45 per 
cent w/v was placed in the drinking water and the affected pen, which contained 
about 40 birds, was cleaned and disinfected. 

The farm was not visited again until early August when it was reported 
that the trouble had cleared up in the original pen, but that a few cases were 
still occurring in other pens of birds. It was evident that infection was still 
on the premises. Treatment was continued along the same lines. 
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During the last week in August further losses from asphyxia occurred, and 
some typical specimens were sent to the Veterinary Laboratory at Weybridge 
where the original diagnosis was confirmed. 

On the suggestion of a friend of the owner it was decided to try the parenteral 
administration of Terramycin. A trial supply of Terramycin in oil suspension 
(25 mg. of oxytetracycline hydrochloride per c.c. of mineral oil) was obtained 
and on September 14 200 Maran yearlings and pullets, whether affected or not, 
were given 2 c.c. subcutaneously high up in the neck. It was decided to augment 
this dosage in certain pens which contained the greatest number of affected 
birds by medicating the drinking water at the rate of 3 oz. to 10 gallons with 
Terramycin animal formula powder. 

On September 18 the farm was visited again and the owner reported an 
all-round marked improvement in the pens in which the birds had been injected. 
Only a few still showed signs and these included several cockerels. The latter 
were given a further 2 c.c. subcutaneously. The cockerels should have been given 
an initial dose of 4 c.c. but shortage of material prevented this on the first visit. 

The remaining 200 birds were injected with 2 c.c. subcutaneously. 

On October 4 the farm was visited again, every pen was inspected, specimen 
birds were caught and subjected to close examination. One bird only was found 
to be affected. In this case hard caseous pus had formed in the infra-orbital 
sinus on one side. Otherwise no symptoms or lesions of coryza could be found 
and the owner expressed the opinion that the outbreak was over. 

It is doubtful if additional benefit was gained by the medication of the 
drinking water. 

Summary 

An outbreak of contagious catarrh (coryza) in a flock of yearling hens and 
pullets is described. Treatment with sodium sulphathiazole gave promise of 
successful results, but it failed to prevent the spread of infection in spite of careful 
attention to hygiene, and it also failed to clear up affected cases. 

The subcutaneous injection of 2 c.c. Terramycin suspension in oil resulted 
in a complete disappearance of symptoms within four days in 95 per cent of 
cases. Birds still showing signs of either nasal discharge, mouth lesions or breath 
odour were given a further injection of 2 c.c. In three pens, parenteral injection 
was augmented by the medication of drinking water at the rate of 3 oz. Terra- 
mycin animal formula powder to 10 gallons of water, but apparently this was 
unnecessary. 

The entire stock of poultry, about 400 birds, were treated. 

Turkeys in close proximity remained unaffected and were not given any 
treatment. 

The farm was visited again on October 4, 16 days after the final injections 
and, apart from one case in which there was a chronic involvement of the sinuses, 
no evidence of the disease could be found. 
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ARTIFICIAL SEX REGULATION OF MAMMALIAN 
OFFSPRING 


By S. LEWIN, M.Sc., Ph.D. 
Physical Chemistry Laboratory, South-West Essex Technical College 


THE control of sex ratio in mammals has engaged the attention of a number 
of investigators. The present theory, that the sex of the progeny is dependent 
primarily on the X and Y chromosomes, is not in question, but other—empirical— 
methods of inducing variations in the sex ratio have been examined. One of 
these is the theory that a higher blood pH in the male tends to increase the pro- 
portion of male progeny. Thus, J. A. Weir, (1955), in his investigations on mice, 
found that males belonging to a line having an average blood pH of 7.42 
increased the 

male 
the other parent male line having an average blood pH of 7.46 decreased the 
sex ratio to ca. 40: 60; the blood pH value of the mater appeared to be without 
effect. 

K. G. McWhirter (1956) attempted to determine whether Weir’s principle 
could be extended to other mammals and whether blood pH changes which occur, 
or which could be induced during ontogeny, could result in alteration of the sex 
ratio. He analysed various data and came to the conclusion that significant 
variation in the sex ratio could be obtained in economically important animals 
by selection of certain sires for the appropriate pH tendency and by altering the 
blood pH of sires by administration of drugs, changes in dietary régime and 
modification in oxygen pressure. 

These conclusions are not being disputed but attention is drawn here to a 
method which in the light of past experiments shows a greater promise in that 
it produces a greater change in the sex ratio of mammals, i.e., from 50: 50 to 
as high as 80: 20. 

During a series of electrophoresis experiments, undertaken in this laboratory, 
to determine the type of charge associated with a number of biological cells, it 
was noted that certain cells moved consistently towards one electrode, e.g., amceba 
proteus, but that rabbit sperms and human sperms from several donors could 
be separated into fractions, one migrating to the cathode, the other to the anode. 
Search of the literature revealed that in the case of rabbit sperms such separation 
has been achieved already (Schréder, 1941) and has been taken further in that, 
on insemination, the cathodic and anodic sperms gave rise respectively to 
predominantly male and female litters (78 per cent to 80 per cent). The high 
percentage success in sex control attained in the rabbit insemination experiments 
should encourage large-scale experiments in other mammals, particularly where 
semen banks are already available. Care should, however, be taken to use low 
currents of the order of milliamps during the electrophoresis since the use of 
high currents results in disintegration of the sperm cells. Possibly a combination 
of the methods suggested by McWhirter and the electrophoretic technique, prior 
to insemination, will result in still greater sex ratio shifts. But it might be argued 


sex ratio in the offspring from 50: 50 to 60: 40, while 


il 
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that, if carefully controlled, the sole use of the electrophoretic method will avoid 
the possibility of harmful side effects that drugs and exertion may produce on the 
male donors. 

Since the ova of several species can be shown to migrate electrophoretically, 
and since oppositely charged colloidal particles tend to aggregate, the problem 
naturally arises as to whether a charged ovum is selectively fertilised by an 
oppositely charged sperm. It is necessary to remember that the over-all 
charge possessed by a biological cell is generally a function of its dissociable 
groups, such as amino and phosphate groups, and the pH of the surrounding 
medium. The fH of the medium in which fertilisation is to take place is 
affected by acid and basic secretions into it, while both the pH of the medium 
and magnitude, and possibly the sign, of the sperms and ova will be affected by 
the interaction of sugars—such as glucose and fructose—with amino groups 
(S. Lewin, 1956). Such interactions give rise to increased negative charge on 
the units to which the amino groups are attached, accompanied by increase in 
the hydrogen ion concentration of the surrounding medium. Care should there- 
fore be taken—when using the standard methods available for dilution of the 
semen—to record the pH of both diluted and undiluted material prior to electro- 
phoresis so as to make the resulting statistical analysis more precise. 

The application to human cases will be discussed elsewhere. 
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ORTHOTOPIC OVARIAN GRAFTING AFTER 
STERILISATION BY X-RAYS 
By D. M. V. PARROTT and A. S. PARKES 


Division of Experimental Biology, National Institute for Medical Research, 
Mill Hill, London, N.W.7 

Tue development of artificial insemination and of deep-freeze methods of 
preserving semen will make it possible to exploit fully the reproductive potential 
of the male mammal. In cattle, the techniques are already far advanced, and a 
bull can sire, say, a thousand times as many calves by the use of artificial 
insemination as by natural mating. The reproductive potential of the female is 
much less than that of the male, but so is her actual capacity, and the ovary of 
the female calf contains at least a thousand times more eggs than the maximum 
number of offspring she will be able to produce. This latent potential of the 
female has proved far more difficult to exploit than has that of the male. The 
obvious method of utilising it is to transfer fertilised eggs from a particular female 
to “incubator” animals, the process being repeated as frequently as possible. 
Egg transference of this kind can readily be effected in the rabbit and other 
laboratory animals and even in the cow (cf. Averill, 1956, for references), but 
major surgery is required on each occasion. So far, little progress has been made 
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towards developing practical methods of artificial “inovulation” in farm 
animals. 

Intensive work on egg transference is in progress in many centres, but 
meanwhile another line of approach should receive serious consideration. 
Ovarian tissue can be transplanted easily provided there is no genetic incom- 
patibility between donor and recipient, and in view of the large number of eggs 
in the immature ovary, a small part of it, transplanted orthotopically to the 
ovarian site, should be able to support several pregnancies in an ovariectomised 
recipient. It might be possible to exploit the reproductive potential of a particular 
female by transplanting pieces of her ovaries to other animals whose ovaries have 
been removed or sterilised. Major surgery would be necessary, but on a small 
scale compared with that at present involved by successive egg transferences. 

There are reports of successful orthotopic grafting of ovarian tissue into 
ovariectomised animals, as shown by the subsequent birth of offspring. In all 
such work, due allowance must be made for the remarkable regenerative power 
of ovarian fragments and for the difficulty, in many species, of ensuring that the 
ovaries are removed completely without damaging the adnexa, particularly the 
Fallopian tube, to an extent which would prohibit subsequent fertility. 

The most extensive work on orthotopic grafting of ovaries has been on mice 
at Bar Harbor, and notably by Robertson (1940), Russell and Hurst (1945) and 
Runner and Palm (1950). These workers used donor-host combinations in which 
the source of any young produced could be genetically determined, a precaution 
necessitated by the appearance of mixed litters and “‘ the ever-present possibility 
of regeneration of the host ovary occurring along with a successful graft” 
(Russell and Hurst, 1945). In any practical use of orthotopic grafting, genetic 
marking of the offspring might be impossible, for immunological or other reasons, 
and would in any case be restrictive. For some years, at the National Institute 
for Medical Research, we have been exploring a different line of approach in 
laboratory animals, namely the permanent sterilisation of the recipient female 
by massive X-irradiation rather than by ovariectomy. This technique has the 
advantage that the ovogenic power of the host’s ovaries can be obliterated 
completely without disturbance to the adnexa, and the surgical interference is 
limited to inserting the graft into the sterilised ovary or its capsule. The possibilities 
of such a technique were the subject of a memorandum presented by one of us 
(A.S.P.) to the Agricultural Research Council (February, 1953). We record 
experiments in mice, the results of which (a) emphasise possible applications in 
livestock breeding, (b) satisfy our urgent need for a simple method of testing the 
fertility of ovarian tissue long-stored at low temperatures, and (c) will facilitate 
the use of orthotopic grafting in other fields, such as experimental gerontology 
‘see Krohn, 1955). 


Technique 
Hybrid *‘R’ mice were given whole body irradiation from a Philips 
Metallix tube at a dose rate of 60 r per minute. In the early experiments they 
were subjected to goo r at one exposure, which is a 100 per cent lethal dose, and 
then immediately given an intravenous injection of bone marrow from other 
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‘R’ mice. The post-irradiation treatment was highly effective in that 32 out of 
40 mice were alive and in good condition at the end of four weeks, and afterwards 
showed a normal survival rate. This method of effecting sterilisation is 
unnecessarily complicated, but the mice in question were control animals from 
another experiment involving recolonisation of the bone marrow. In later 
experiments ‘R’ mice were subjected to two doses of 450 r, without other treat- 


ment. 


There was an interval of two weeks between the doses. The technique 


was based on the fact that with these doses the major systemic effect are short- 
lived, while the ovarian effects are cumulative. 

As from three to four weeks after the completion of irradiations control 
observations were begun and after an appropriate test period a proportion of 
the mice received orthotopic homografts of ovarian tissue from ‘R’ mice about 
one month old, the rest being kept as long-term controls. The operation was 
performed under ether anzsthesia and consisted in exposing the ovaries through 
bilateral dorsal incisions and slipping the ovarian implant into the capsule. The 
sterilised ovaries were left in position. Most mice received an injection of 0.5 mg. 
of oestrone one to two days before the operation in order to distend the ovarian. 


capsule. 


Table 4 


of orthotopic ovarian crafts in irreciated mice 


Experiment 1 


Days after 
irradiation, 


Control mice 
irradiation only 


Mice irradiated anc 
then given graft 


fe) 


20 mice given 900r and 
marrow injection 


20 mice given 900r and 
marrow injection 


23 18 alive 14 alive 
28-36 Paired with males 
12 mated 
No pregnancies 
37-43 Mice received orthotopic 
ovarian grafts 
48-52 Paired with males 
13 mated 
5 8 litters: av. 2.6 
60 End of vaginal cornification, 
except in two mice 
83 13 survivors 
Paired with males 
12 mated 


9 litters: av, 3,1 


105 


Paired with males 
12 mated 
8 litters: av. 2.0 


About two weeks after operation the mice were paired with males which 
were removed before parturition and replaced after removal of the young at. 
birth or soon afterwards. 
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Sterilising Effect of 900r X-irradiation 

The results on mice without grafts conform with existing information about 
the effects of X-rays on the mouse ovary. 

In Experiment 1, 20 control mice received goo r. Their history is shown in 
Table 1, the essential facts being that (a) two-thirds of the animals mated in 
the fifth week after irradiation, but no pregnancies were obtained, and (b) 
vaginal cornification was observed later than 60 days after irradiation in two 
mice only. These results resemble closely those reported by Mandl and 
Zuckerman (1956). The mice were killed 91 days after irradiation and histo- 
logical examination of the ovaries showed complete sterilisation in every case, 
the histological picture being similar to that described long ago by Brambell and 
Parkes (1927). In Experiment 2, 40 young adult ‘R’ mice received 450 r + 
450 r. Four died and the remainder were paired with males three weeks after 
the second irradiation. Thirteen days later eight were killed. This was 12 days 
after mating. Two proved to have a single foetus. Twenty other matings during 
the fourth week after the second irradiation failed to produce litters, though two 
doubtful “ placental signs” of pregnancy were observed. Thirteen of the mice 
were kept paired without receiving a graft; infrequent matings, seven in all, 
occurred up to 77 days after the second irradiation, but no litters were produced, 
and no vaginal cornification apart from mating was recorded after 54 days. 
Histological material obtained in this and another experiment at five and six 
weeks after the second irradiation failed to reveal any ova or follicles. It may be 
concluded, therefore, that exposure to 450 r -+ 450 r under existing conditions. 
causes sterility within four to five weeks of the second irradiation. 

Restoration of Fertility by Orthotopic Grafting of Ovarian Tissue 

Table 1 shows the history of the mice which received grafts in Experiment 1. 

It will be seen that about two-thirds of the animals had litters after irradiation 


‘ with goo r and subsequent implantation of an orthotopic graft. Three crops of 


litters have so far been produced from these mice, an emphatic contrast to the 
complete failure of the control mice to produce offspring. The average number 
of young per litter, however, was less than half the normal, and showed no signs 
of increasing. 

In Experiment 2, five mice which had received 450 r + 450 r and had failed 
to mate when paired during four to five weeks after irradiation received orthotopic 
grafts 37 days after irradiation and were paired with males again 12 days later. 
All mated within the next five days and four later showed placental signs. Only 
three, however, produced litters, averaging 2.7 young, though another is thought 
to have aborted near term. The litters were removed and, on pairing with males, 
the five mice mated again. This experiment, so far as it goes, confirms the first 
one. Discussion 

The results recorded show that the use of recipients sterilised by X-rays 
greatly increases the ease of making orthotopic ovarian grafts, and brings this 


- otherwise tricky operation within the scope of a routine procedure. Moreover, 


the regularity of sterilisation in mice by heavy dosage of X-rays makes it possible 
to dispense with the use of donor-recipient combinations which give genetic 
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marking of the young. In other species the situation will be more complicated, at 
least for a time, because the effects of X-rays on the ovary are less well known 
quantitatively than in mice and because genetic control will be more difficult or, 
as happened in the experiments of Rowson and Polge on sheep (Rowson, 1956), 
may involve major problems of homograft reactions. There is the further com- 
plication that other species, unlike the N.I.M.R. mice (Parkes, 1956), may well 
show reactions against ovarian homografts within the strain or breed. Such 
difficulties, however, are no doubt temporary, and should not be allowed to deter 
research on the technique and potentialities of orthotopic ovarian grafting. 


Summary 
(1) Ovarian tissue was grafted orthotopically by implantation into the 
ovarian capsules of mice sterilised by exposure to X-irradiation, the sterilised 
ovaries being left in position. 


(2) Fertility was restored in about two-thirds of the animals so treated, though 
litter size was below normal. 


(3) The possible uses of orthotopic ovarian grafting in veterinary and 
biological work are discussed. 
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CORRECTION 


Reference to article by K. M. Dyce and A. E. Hawkins on page 475, 


November, 1956. Page 476, line 32, should read: “. . . of the order of 0.3 rr...” 
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